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List of abbreviations

Al = Artificial Intelligence

CAD = Coronary Artery Diseases

CCTA = Coronary Computed Tomographic Angiography
CE = European Conformity

CT = Computerized Tomography

COPD = Chronic obstructive pulmonary disease
EHR = Electronic Health Record

EU= European Union

HC = Health Care

HCP = Health Care Professional

ML = Machine Learning

MRI = Magnetic Resonance Imaging

IT = Information Technology

PET = Positron Emission Tomography

PREM = patient-reported experience measures
PROM = patient-reported outcome measures
Q&A = Questions and Answers

gPCR = Quantitative Polymerase Chain Reaction
R&D = Research and Development

RWD = Real World Data

VHA = Virtual Health Assistance
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Executive
summary

Al can have a significant
socioeconomic impact on
European health systems

Evolving technologies such as Al have the potential to
assist European health systems in responding to major
challenges they face. Al technologies can empower people,
for example by helping citizens to be more informed

and make healthier choices, and by supporting doctors

in diagnosis and treatment decisions. Estimating the
socioeconomic impact of Al on European health systems
is fundamental to advancing the current discourse on the
role Al can and should have in health.

This study covers Al applications that can be used across
the entire patient journey. Eight application categories
are mapped: wearables, imaging, laboratory applications,
physiological monitoring, real world data, virtual health
assistance, personalised apps and robotics.

The socioeconomic impact is quantified through impacts
on health outcomes, financial resources and time spent by
healthcare professionals (HCPs). By estimating the number
of saved lives, the cost savings and the hours freed up for
HCPs, it is possible to quantify the potential impact of Al

on Europe’s healthcare systems.

First, annually 380,000 to 403,000 lives can potentially
be saved. Wearable Al applications could have the largest
impact, saving up to 313,000 lives. This is followed by Al
applications in monitoring (42,000 lives) and imaging
(41,000 lives).
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Second, €170.9 to 212.4 billion could be saved annually,
including the opportunity costs of HCP time. Wearable Al
applications could have the largest impact with €50.6 billion
of potential savings. Add to that Al applications in monitoring
(€45.7 billion) and real world data (£38 billion).

Finally, Al applications have the potential to free up 1,659
million to 1,944 million hours every year. This impact is led

by Al applications in virtual health assistance (VHA) that
could save up to 1,154 million hours per year. Other savings
through Al applications include robotics (367.5 million hours)
and wearables (336.1 million hours). This would allow HCPs to
dedicate considerably more time to high-value activities.

Al could have a substantial socioeconomic impact in healthcare
by improving patient outcomes and access, and optimising the
use of resources. However, to reach its full potential a series

of barriers that must be addressed by public and private
stakeholders:

400,000 lives

saved yearly

That’s the population of a medium-
sized city, or almost two thirds
of Luxembourg!

* Data challenges include the fragmented data landscape
and interoperability, as well as data quality, data privacy and
protection and cybersecurity. High-quality data is important
to train unbiased, robust and safe Al.

Legal and regulatory challenges are due to different legal
frameworks regulating Al and data in healthcare. Guidance
on applying and interpreting existing regulation should
describe novel approaches to meet the requirements,
promoting innovation and competitiveness.

Organisational and financial challenges arise where
digitalisation and inclusion of Al in European health
systems require substantial investments in several areas:
infrastructure, digitalisation adoption, technologies, skills
and training and shift from care to prevention. Additionally,
broader adoption of Alin healthcare will require novel
approaches to how technologies are funded, evaluated and
reimbursed.

Social challenges need to be addressed regarding trust and
understanding, governance and patient empowerment.

(including opportunity costs)

200 billion Euros

in annual savings
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These findings are then translated into policy recommendations
that can accelerate the benefits of Al and ensure they are
harmonised across all EU Member States.

1. Develop policy frameworks to build trust and foster the
adoption of Alin healthcare.

2. Build and maintain a balanced regulatory environment,
based on existing applicable regulations, that enables and
stimulates future technological innovation and evolution.

3. Build data policies and infrastructure (in line with the
European Health Data Space project) to foster seamless
access, connectivity and sharing of high-quality, harmonised
data.

4. Define clear governance and partnerships across healthcare
professionals, academia, decision-makers and industry.

5. Ensure appropriate commercial incentives and
reimbursement mechanisms to foster innovation in Europe
and support patient access.

6. Advance data interoperability by defining data format
standards, so data is generated and transferred in a more
consistent way across market participants and Members
States.

7. Advance Al skills among HCPs, and digital health literacy
among citizens (especially patients) to ensure the benefits
will be achieved equitably across the EU regardless of
proximity to a centre of excellence.

The socio-economic impact of Al in healthcare

To unlock the full potential of Al'in healthcare,
European health systems and the broader
ecosystem need to make improvements in

a number of areas, including the ways such
technologies are evaluated and reimbursed,
workforce skills and training, and data

interoperability and ownership. These barriers
can be overcome with the collaboration of all
stakeholders in the ecosystem: policy makers at
all levels (EU, national and regional), healthcare
providers, academia, industry and citizens.

With this broad partnership, Al innovation and
adoption can help ensure high-quality care for
European citizens and put the EU at the forefront
of a very innovative industry.

Which is approximately 12% of ATH That’s the equivalent of having
the total European healthcare 1 - 8 billion hours 500,000 additional full time
expenditures in 20182 freed up every year health care professionals?®
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INntroduction

Al'in healthcare:
hype vs. reality

Artificial intelligence (Al) has evolved from a niche research
topic into a large collection of powerful technologies with
mainstream applicability. It is poised to transform the way
we interact with each other, take decisions, and obtain
goods and services from multiple industries.

The healthcare industry is no exception. With significant
challenges lying ahead, such as an ageing population,
growing demand for services, increased costs and
healthcare staff shortages, this industry is increasingly
looking towards Al. And rightfully so. In recent years, the
speed of innovation in Al applications for the healthcare
industry has reached an all-time high. The number of
scientific papers being published is skyrocketing. A thriving
ecosystem of start-ups, large medical technology players
and 'Big Tech’ companies are starting to roll out Al-enabled
solutions.

In a nutshell, Al'in healthcare carries a lot of promise.
But one key question remains: what value will it deliver in
reality?

The objective of this report is to provide an answer to
this question by assessing the socio-economic impact of
Al for European healthcare systems. More specifically, it
will attempt to provide a clear view of the impact that Al
can have throughout the patient journey (see Figure 1) on
four key domains: workforce, financial resources, access
and quality of care, and health outcomes. The findings
are translated into specific policy recommendations to
accelerate the socioeconomic benefits and ensure they
are harmonised across all EU Member States.

The Al applications covered in this research are already
available and used in certain settings, although not
consistently across Europe. However, in order to unlock
the full potential of Al in healthcare, European healthcare
systems and the broader ecosystem will need to improve
the ways such technologies are evaluated and reimbursed,
as well as workforce skills and training, and data
interoperability and ownership, among other areas.
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Al can play a vital role to support healthcare systems in a variety
of areas, from disease prevention to care delivery and patient

empowerment

Al applications have the potential to improve the ways
healthcare systems function and how individuals make
lifestyle and care decisions. Hence, they can have a
major impact on the healthcare sector. Al applications
can play a wide role: from preventing the onset of
diseases, improving diagnosis and supporting treatment
decisions and interventions, to optimising research and
development'?3

European health systems face shortages of critical
medical professionals, long waiting times, rising demand
for services driven by an ageing population, and financial
constraints. Al could ease some constraints by reducing
the time healthcare professionals spend on repetitive

tasks, thus allowing them to focus on high-value activities,
such as spending more time with patients or seeing more

patients. Additionally, Al can support faster and/or more
accurate diagnosis and treatment decisions, thanks to
the ability of processing large amounts of information
quickly.*>

Patient journey

The journey starts in the prevention phase with

personal health monitoring and lifestyle choices. Clinical
abnormalities can then be diagnosed, leading to decisions
on care and treatment. Al applications can support every
step of this journey, enabling individuals to be better
informed and make healthier choices, and supporting the
care decision-process. Figure 1 maps the role of Al across
this journey.




Figure 1: The role of Al at each step of a patient journey (non-exhaustive)
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Al N
healthcare

Al technology is being developed for use across the broad spectrum of healthcare provision.
Because innovation is happening so rapidly, it is important to clearly define what Al can do and
where. In this report, Al technologies have been mapped to eight application categories:

Wearables can monitor and
respond to health events. Al
applications are presentin
accelerometer bracelets,
smart watches and activity
trackers. Additionally,
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Real world data

Real world data (RWD) refers
to analysis of large-scale
datasets of populations. Al
can be applied to RWD for
patient recruitment and
retention in clinical trials. It
can also potentially be applied
to drug effectiveness
assessments and
pharmaco-vigilance.
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Robotics

Robotics can support HCPs
and patients with daily tasks.
Robot-assisted surgery and
auxiliary robot
assisting-nurses are some
examples of Al applications
within robotics.



Methodology

| Definition of Al

Al refers to systems that, given a complex goal, act in the Research approach
physical or digital world. They perceive their environment, This study has been organised in three phases:
collect and interpret structured or unstructured data, 1. Reviewing existing Al applications: mapping Al
reason based on knowledge derived from this data, applications in healthcare through desk research and
and decide the best action to take to achieve the goal. interviews with subject-matter experts.
Al technologies can also learn to adapt their behaviour 2. Impact assessment: clearly qualifying and quantifying
by analysing how the environment is affected by their the impact of single Al applications based on
previous actions. literature and estimations.

3. Reporting results: consolidating insights (Al
As a scientific discipline, Al includes several approaches applications and their estimated impact) derived from
and techniques. They cover machine learning primary and secondary research, and formulating
(including deep learning and reinforcement learning), strategic recommendations on how to reap the full
machine reasoning (planning, scheduling, knowledge benefits of Al in healthcare.

representation, reasoning, search and optimisation), and
robotics (control, perception, sensors and actuators, and
the integration of other techniques into cyber-physical
systems).5’

Al applications included

The previous section introduced the eight application categories that this study focuses on. Each has been populated
with single Al technologies (applications). The list is not exhaustive and has been based on the available evidence about
the impact these technologies can have. Findings are based on the set of Al application presented below and can provide
an estimation of the potential socioeconomic impact of Al in healthcare. The scope of this report covers CE-marked
software, used with medical purpose, and goes beyond, to Al applications, which are used in the area of healthcare, but
are not qualified as a medical device.

. Wearables D Physiological monitoring

Prediction of falls Medication adherence

I

Prediction of heart failure Prediction seizures and early detections health abnormalities

Continuous glucose monitoring Retinal scan for monitoring Multiple Sclerosis

Remote monitoring with arm straps 4 Screening of diabetic retinopathy

Pre/post-surgery monitoring with activity trackers Real world data

Patient's recovery monitoring in neurology Patient recruitment and retention for clinical trials

1
2
3
E.
1
Pill-cam 2
Detection of pulmonary pathologies with chest X-rays F. Virtual health assistance
1
G.
1
H.

Prediction of drug effectiveness

N N O AW N

Detection of coronary artery diseases Automation of medical records transcription

Detection of breast cancer Extraction of information to answer patients questions

2
Image acquisition and reconstruction 3 Administrative timesaving

Detection of COVID-19 Personalised apps

Diagnosis of dermatological conditions

Behavioural counselling for metabolism pathologies

Preparation time for radiation 2 Personalized monitoring by a virtual nurse assistant

Detection of pathogens Auxiliary robot assisting nurses

el © [~ o ||~ |w( o=

2
Automation of data workflows in laboratory 3 Sleep assistant
Characterisation of genomic sequencing

wlr| =

All sources used to quantify the potential impact of Al of the different application categories can be found in the reference table in appendix




| Impacts quantification

Once the different Al applications were clearly defined
and mapped to eight application categories, the impact
of Al'in healthcare in Europe was estimated based on
publicly available sources, such as peer-reviewed articles,
reports, articles and blogs. Impact in healthcare was
defined across four dimensions: healthcare workforce,
financial resources, access and quality of care, and

health outcomes. Impacts were quantified through three
indicators:

e Lives saved - estimated by applying the impact that
using Al has on mortality, and then multiplying this
percentage by the annual number of deaths associated
with a given condition (e.g. deaths related to breast
cancer).

Financial resources saved - estimated by applying the
impact that using Al has on resource utilisation and
costs. This indicator accounts both for savings (reduced
cost of activities such as patient recruitment for trials)
and opportunity costs (better use of HCP time, such as
a doctor seeing more patients instead of working on
health records).

e Time saved - estimated by applying the impact that
using Al has on the duration of certain tasks performed
by HCPs or patients (e.g. the time a nurse spends on
home visits).

The impact was estimated for each Al application included
in the eight application categories. Results were then
aggregated and are presented by category.

Estimates are based on percentage year variation on
avariable, e.g. accuracy rate of diagnosis, linked to the

use of a given Al application. These values are based

on published sources collected via targeted literature
searches. The impact was calculated by translating the
variation into one of the three indicators and extrapolating
it for the entire European Union. Hence, figures presented
in the report are annual values accounting for the EU 27.
Results are presented in the body of the report, while

the detailed list of sources used for each calculation is
provided in the reference section. This is a standard
approach to estimating socioeconomic impacts and in line
with EU guidelines on impact assessment.®

The objective of this exercise was to provide an overall
estimation of the socioeconomic impact of Al in healthcare
in Europe. Some assumptions have been made to account
for the lack of EU-wide data in this area, and results

are presented as ranges to account for the uncertainty
associated with the extrapolation. Investments related to
adoption, capacity building and organisational change lie
outside the scope of this report.
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| 1. Wearables

The socio-economic impact of Al in healthcare

From smart watches and fitness trackers to biosensors and continuous glucose
monitoring devices, wearable hardware can capture large amounts of personal health
data. Al software can analyse it and make real-time recommendations to patients and

healthcare professionals

The socioeconomic benefits of Al-enabled wearables can
mostly be reaped in workforce improvements, reduced
patient presentations, freeing healthcare professionals to

concentrate on what they do best, and financial resources.

Furthermore, significant improvements were observed in
the access and quality of care, as well as health outcomes,
thanks to the role these technologies play in enabling
patient-centric prevention and care.

298,000 - 313,000
lives saved

€46.6 - 50.6
billion in savings (including opportunity costs)

301.6-336.1

million hours freed up

Wearables can be used in a variety of settings, including
fall prevention, diagnosing cardiovascular disease, treating
diabetes or COPD, remotely monitoring a patient’s vital
signs, and tracking patient activity pre- and post-surgery to
monitor recovery.

Al-enabled wearables show much promise in fall
prevention for the elderly. Accelerometer bracelets

or smart belts combined with an Al algorithm allow the
accurate prediction of fall events pre- and post-impact.
This application has the potential to help save 1,800 lives
a year and decrease fall-related costs by as much as €3.8
billion.

Al applications in cardiology are also skyrocketing,
especially in the diagnosis of cardiovascular diseases,
such as heart failure. Atrial fibrillation and cardiac
arrhythmias, important indicators of heart failure, can
now be detected by a combination of smart watches®
with electrocardiograms and Al algorithms. This has the
potential to significantly reduce hospitalisations and save
up to €36.9 billion.

Diabetes treatment will also be quite significantly impacted
by Al'in the next ten years. Al-enabled continuous
glucose monitors'®, wearable devices that track blood
sugar levels day and night, can predict highs and lows, and
provide tailored health advice to patients. This not only
improves quality of life, it also increases the accuracy of
glucose measurements by as much as 40% compared to
traditional (manual) tests.!"?
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While wearables can be used by patients themselves,
many opportunities arise for healthcare professionals

as well. A wearable remote monitoring arm strap, for
instance, can continuously track patients' vital signs, and
send them for analysis by Al technologies. Nurses are
automatically alerted if there is any deterioration, instead
of having to check on their patients with daily home visits,
potentially saving up to 301.8 million hours and €6.1 billion.
Healthcare professionals can also use wearable activity
trackers before and after surgery to monitor patient
recovery. By analysing step counts, Al technologies can
reduce the risk of re-admissions.

Figure 2: Data flows for Al-enabled wearables and related
actions in case of deterioration

1. Collection
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| 2. Imaging

The socio-economic impact of Al in healthcare

Staff shortages in European radiology departments are not new and, according to
industry experts, have been worsening in recent years. However, Al applications are
already starting to fill in the gaps, among others, by analysing medical images, detecting
pathologies and supporting healthcare professionals in the decision-making process

Many Al applications in medical imaging are trained on
large sets of medical images. It enables them to detect
clinical abnormalities, such as cancer, often faster and with
the same or greater accuracy than specialists. This could
have a high impact on health outcomes by saving lives
with improved and more timely diagnosis, and through
related cost savings. The potential impact on healthcare
professionals is also significant, especially with regards to
doctors' time.

36,000 - 41,000
lives saved per year

€16.1-18.6
billion in savings (including opportunity costs)

15.1-32.7

million hours freed up

Alis poised to have a tremendous impact on the
interpretation of medical images in digital pathology:
detecting, diagnosing and monitoring multiple pulmonary,
cardiac and oncological pathologies. Furthermore, it

can play a role in image acquisition and reconstruction,
as well as in video processing to guide surgeons during
procedures and 3D imaging.

A chest X-ray is currently the best available medical
imaging method for detecting multiple pulmonary
pathologies, pneumonia among others. The images are
analysed by expert radiologists to provide a diagnosis.
Digital pathology algorithms can support this process
by screening the images and autonomously detecting
pathologies. In some cases, Al algorithms'® outperform
radiologists with regards to the accuracy of diagnosis.
This has the potential to save up to 1,900 lives per year.

Another Al application in medical imaging is the early
detection of coronary artery diseases (CAD). Combining
coronary computed tomographic angiography images
and clinical data, a machine learning algorithm was able
to predict five-year mortality rates for patients at risk of
CAD with greater accuracy than standard techniques. This
could lead to improved treatment and care for patients,
and potential cost savings of €7 billion for the healthcare
system.
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A promising combination of Al and medical imaging
concerns the screening, diagnosis and treatment of
breast cancer. Breast cancer continues to be one of the
leading causes of death among women in the EU, with
approximately 85,000 deaths per year.4 However, it can
be successfully treated if detected early. Studies show that
Al can significantly decrease the number of false positives
and negatives during mammography screening.'* It has
been demonstrated that Al software was able to interpret
mammogram results up to 30 times faster than doctors,
with a 99% accuracy.”® Moreover, when double reading of
mammograms is necessary, Al can take the role of second
reader. This can be especially useful in areas where there
are not enough trained radiologists. Combined, these Al
applications have the potential to save up to 16,000 lives
and €7.4 billion annually.

Al can also have an impact upstream in the clinical
radiology workflow. The first step concerns image
acquisition through specific hardware, a CT scanner

for instance. The reduction in radiation during image
acquisition can have important benefits for patients. The
second step is image reconstruction, done with software.
The software has barely evolved in the last 25 years'®",
and experts are currently looking into Al to enhance it.
The objective is to improve the overall quality of the
medical images, and subsequently decrease the radiation
levels needed during image acquisition. These two
elements have the potential to save 11,600 lives and close
to €1 billion.

Figure 3: 62% more radiologists vs. 792% more medical images:

PET, MRI, CT (EU 2000-2020)
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Source: Eurostat, Deloitte analysis

Case Study - Al response to COVID-19"®

Al can be used in the fight against COVID-19. An Al solution was developed to automatically detect and quantify
suspected COVID-19 findings on chest CT-scans. Scans of patients diagnosed with COVID-19 were uploaded to the

solution analytics engine, teaching the algorithm to detect specific visual fingerprints. By comparing the percentage of
affected lung volume to the entire lung volume, the algorithm can detect COVID-19 rapidly. Moreover, it can help with
triaging and monitoring COVID-19 patients by segmenting the suspected findings and quantifying the disease burden.
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| 3. Labs

The socio-economic impact of Al in healthcare

The lab of the future is set to transform the healthcare sector. Al will play an important
role by enabling the rapid processing of large sets of scientific data and automating data

workflows

Al-enabled laboratory applications can have a substantial
impact on the workforce, partly by alleviating the work
burden, especially for repetitive and routine tasks, and
optimizing the duration of certain tasks.

€834.4-883.5

@ billion in savings (including opportunity costs)

50.4-53.4
million hours freed up

Figure 4: Al innovations can help sustain the growing
European market in clinical laboratory tests

80,000 - 77,709
75,000 72,898
70,000 68,385
65,000 64,151
60,179

60000 1 56453
55,000 -
50,000 _49,679.

TH S S .

2016 2017 2018 2019 2020 2021 2022

[ | European clinical laboratory test market (million euros)

Al-enabled laboratory applications can be used in
diagnosis, treatment and care management, and R&D.
They have the potential to increase the understanding of
disease pathology through better detection of infections,
optimising database workflows in the laboratory, and
improving prescriptions of treatment.

Al-enabled infection testing is the laboratory
application with the largest potential to impact the
healthcare sector. To analyse viral infections, microbiology
techniques are used, such as quantitative polymerase
chain reaction (gPCR) for analysing genome evolution.
Test results are traditionally interpreted manually by
clinical technicians with microscopes. Some Al algorithms
can automate and standardise this process.”2%2' The
algorithm analyses the progression of the viral genomes
and compares it with historical data it has been trained
on. Through pattern recognition, it can detect infections,
taking on the role of clinical technician and reducing the
lab workload. As a result Al could save up to 53 million
hours of routine analyses for clinical technicians, linked to
potential savings up to €883 million per year.

Al laboratory databases can improve R&D by
enhancing the data quality from labs. For instance, some
Al solutions automate laboratory data workflows for
scientific discoveries.?22% The algorithm unifies different
data streams from every piece of lab equipment by using
image and language recognition. This ensures that every
scientific discovery can be replicated and accessed on a
centralised and secure cloud.

Case Study - Genomic sequencing and Al 2425

Patient treatment can potentially be improved by
combining genomic sequencing with Al. An algorithm
that captures variations in different genetic codes has
been developed. Comparing these gene mutations

with historical data, the algorithm can characterise
the genomic variants associated with cancers and
hereditary disorders. The algorithm can then predict
an individual therapy response. This could help health
providers treat patients with an optimal, personalised
drug combination..

Source: https://www.marketresearchfuture.com/statistical-reports/europe-clinical-laboratory-test-market-3650
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| 4. Physiological monitoring

Thanks to a wide variety of Al applications, patients can be followed remotely without
having to be in a healthcare facility. This could enable the detection of health issues 24/7
and trigger a timely response when needed. For those in healthcare facilities, predictive
monitoring can detect health events in advance

Al-enabled monitoring can have a positive impact on
health outcomes, quantified in terms of lives saved per
year. Additionally, monitoring can optimise resource
utilisation, bringing substantial cost reductions.

39,000 -42,000
lives saved per year

€43.6-45.7
billion in savings (including opportunity costs)

323.8-375.4
million hours freed up

22

Physiological monitoring can be used for a variety of
purposes, including cardiovascular conditions, medication
adherence, treatment decisions, diabetic retinopathy
screening, sleep apnoea, and predicting health events
(heart failure, seizures, hypotension, etc.).

Al-enabled applications have the potential to monitor
medication adherence and ensure continuity of care
between visits, encouraging patients to take treatments
as prescribed. Patients send selfies while taking their
medication. An Al system analyses the images to make
sure the medication was taken correctly and sends an
alertif it was not. Lack of medication adherence is a critical
issue for the European healthcare system, which could be
partly solved with Al monitoring. Up to 20,000 lives per
year could be saved and related costs could be reduced by
as much as €45.6 billion.

Al monitoring could also support treatment decision
by predicting health events (seizures, heart failure, etc.)
before they occur, by analysing a patient’s brain activity
through a combination of an electroencephalogram and
an Al algorithm. As another example, Al-based solutions
can already predict health events such as intraoperative
hypotension, by detecting rapid physiologic changes in
critically ill patients ahead of time. Treatment decisions
could thus be made in a more-timely manner, improving
outcomes. Such predictive applications have the potential
to help save about 22,000 lives yearly.

Doctors analyse patients’ eye movement to assess brain
health. Recently, Al monitoring applications, such as eye-
tracking technologies linked to machine learning, have
helped predict neurological impairment faster and with
more precision by analysing the retina of the patient. As

a result, patients do not require eye drops for dilation.
Such retinal scan applications can be used for monitoring
multiple sclerosis. This has the potential to free up 375,000
hours of HCP time and save €27.4 million.

In addition, Al applications combined with machine
learning could help decrease the screening cost of
detecting diabetic retinopathy. Using semi- or fully-
automated screening models based on Al is significantly
faster and as accurate as human-based processes. Such
applications have the potential to save up to €59 million.
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Figure 5: Non-adherence in Europe causes approximately 200,000 deaths and 102.5 billion in

Doctor prescribes medication

Patient sends selfie taking medication
Al analyses image
If non-adherence detected:

+ send notification to patients
+ Or send alert to doctor
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